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Abstract: 
 A rearing method is described that will allow the use of well-timed larvae of Drosophila melanogaster (Canton 
S) in physiological investigations. Using a LD 16:8 h cycle and uncrowded rearing conditions, it was shown 
that photoperiod influences the departure of third instar larvae from the food (i.e. post-feeding larvae or 
wandering behaviour). Larval wandering occurs during the scotophase, suggesting a gated event, and does not 
occur in larvae raised under constant light or in overcrowded cultures reared in a LD 16:8 h cycle. Although the 
data suggest, but do not prove, the existence of circadian gating, the rearing regimen described will provide 
Well-timed post-feeding larvae for future studies. 
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Article: 
Introduction 
The fruitfly, Drosophila melanogaster, has been the object of intense study by investigators in the fields of 
genetics, behaviour, biochemistry and molecular biology (see review by Oliver, 1976). Surprisingly, however, 
Drosophila larvae have not been utilized to any great extent for endocrinological and physiological studies, 
presumably because of their small size, but also because there has been no procedure for staging these larvae in 
a precise manner. 
 
Because of the recent dramatic advances in the field of insect endocrinology (see Kerkut & Gilbert, 1985), 
particularly in the area of neuropeptide purification, mode of action, etc., and the wealth of information on the 
genetics of Drosophila, we turned our attention to dipteran neuroendocrinology. An assay for dipteran 
prothoracicotropic hormone (PITH) in vitro was developed (Roberts et al., 1984), PTTH being the neuropeptide 
that triggers the moulting process by stimulating the synthesis of ecdysone by the prothoracic glands (a 
component of the dipteran ring gland). Ecdysone is, in turn, converted to 20-hydroxyecdysone, the principal 
moulting hormone. This led to the development of an analogous assay using the ring glands of Drosophila (V. 
Henrich and L. I. Gilbert, unpublished data; see also Redfern, 1983) and has provided the basis for the ultimate 
purification of Drosophila PTTH and the cloning of its gene. These assays in vitro are based on the original 
PIM assay utilizing the prothoracic glands of Manduca sexta (Bollenbacher et a/.. 1979; Gilbert et al., 1981) 
and depend to a large extent on precise staging of larvae and prepupae. Although this has been accomplished for 
the large dipterans Sarcophaga bullata (Roberts et al., 1984) and S.argyrostoma (Richard et al.. 1986), it has to 
our knowledge not been reported for Drosophila. The studies described here reveal that with a strict rearing 
programme and photoperiod regimen, one can obtain well-staged post-feeding larvae for endocrinological 
studies. 
 
 
 
Materials and Methods 
Breeding stocks of Drosophila melanogaster (Canton S) were initially reared at 25± under constant light. Both 
adults and larvae were cultured in 250 ml clear plastic vials containing c. 50 ml of artificial diet. Uncrowded 
Drosophila stocks were taken from constant light conditions and reared under a long day photoperiod (LD 16:8 
h) for at least five generations before being used in the experiments described below. An entrainment period is 
necessary for the reaction of the endocrine system to specific environmental conditions (Denlinger, 1971). Eggs 
were collected from 4-day-old females, because egg fecundity peaks at 3-5 days (Rensing & Hardeland. 1967; 
David et al., 1974). Vials of breeding stock were transferred to walk-in constant temperature rooms maintained 
at 25±1°C with a LD 16:8 h cycle. The flies were cultured for at least five generations under these conditions. 
After this entrainment period, eggs were collected from females at 2-3 h after beginning of the photophase. the 
middle of the photophase and 2-3 h before the beginning of the scotophase. 
 
In these studies, no more than twenty-five eggs were transferred to the food surface of the above-mentioned 
fresh culture vials. All experiments were conducted in triplicate and repeated at least twice. The vials were 
examined frequently for the presence of wandering (post-feeding larvae; larvae which have left the food 
permanently to seek a place to pupariate). During the scotophase all recordings were performed under a dim red 
light by using a Kodak Wratten 92 filter with a 15 W bulb. 
 
Concurrent experiments were conducted using eggs from females reared under constant light, and the effects 
of overcrowding on the formation of post-feeding larvae from entrained cultures were also observed. 
 
Results 
To investigate the effects of photoperiod and overcrowding on development to the post-feeding larval stage. 
larvae were first raised under constant light in non-crowded conditions (i.e. up to twenty-five larvae per 
container). Fig. 1 reveals that larvae left the food 90-136 h after oviposition with a PFL50 of 116 h, the PFL50 
being the time after oviposition when 50% of the larvae have left the food and are designated post-feeding 
larvae. 
 
 
 
 
When the strict LD 16:8 h cycle conditions were imposed on the progeny of entrained fly cultures, the resulting 
data suggested strongly that the photoperiod influenced the departure of the larvae from the food. Fig. 2 
summarizes the result of studies in which eggs were collected soon after beginning of the scotophase, halfway 
through the photophase, and just before the beginning of the scotophase. In each group the formation of post-
feeding lar-vae occurred during the scotophase. Indeed, in two cases (Figs. 2A, 2C) essentially no larvae left the 
food during the photophase. These were larvae raised from eggs deposited and collected within 2-3 h of the 
beginning of the photophase (PFL50=114 h), and larvae raised from eggs deposited 2-3 h before the end of the 
photophase (PFL50=124 h). In the case of larvae from eggs oviposited midway through the photophase (Fig. 
2B), about 10% of the larvae left the food during the end of the scotophase (PFL50=130 h). 
 
 
 
The apparent environmental photoperiodic cue controlling the initiation of wandering during the scotophase 
was no longer effective when cultures were overcrowded. Fig. 3 shows that more than 50% of the larvae left the 
food during the scotophase when larvae were exposed to a LD 16:8 h cycle photoperiod under crowded 
conditions. In addition, there was a delay in development in that the PFL50 was almost 190 h under these 
conditions. 
 
Discussion 
Drosophila shows distinct behavioural rhythms in oviposition (Rensing & Hardeland, 1967), locomotion and 
mating (Hardeland & Strange, 1971). and adult eclosion (Pittendrigh, 1954; Brett, 1955). In addition, several 
physiological functions also show rhythmicity, e.g. daily rhythms of oxygen consumption (Rensing, 1964; 
Belcher & Brett, 1973), cyclic changes in brain cerebral neurosecretory cell, corpus allaturn, and prothoracic 
gland staining properties (Rensing, 1964; Rensing et al., 1965), rhythmic activity of enzyme systems (Tauber & 
Hardeland, 1977), daily patterns of RNA synthesis (Probeck & Rensing, .1974), etc. Indeed, the clock gene has 
been cloned recently (Jackson et al., 1986). In all of these studies it appears that photoperiodic cues elicit or 
modulate the rhythmic response (see Saunders, 1982). 
 
One could extrapolate from the above that specific developmental events such as moulting, wandering and 
pupariation would also be under environmental (photoperiodic) control. Indeed, with Manduca sexta, Truman 
(1972; Truman & Riddiford, 1974) has presented convincing evidence that similar developmental events (e.g. 
PTTH release) are regulated by a circadian oscillation which is entrained by photoperiodic inputs, a finding that 
has led to the general use of gated, well-timed insects, and is one reason that Manduca has become an insect of 
choice for endocrinological experiments (e.g. Gilbert et al., 1981). 
 
Up to now it has been generally accepted that puparium formation in Drosophila melanogaster does not appear 
to occur on a rhythmic basis but is more or less randomly distributed within the diel cycle, even in the presence 
of a defined photoperiod (Harker, 1965). The closely related event of larval wandering in another dipteran, 
Sarcophaga is, however, under strict photoperiodic control (S. bullata, Roberts, 1984; S. argyrostoma, Richard 
et al., 1986). The data presented here reveal that when Drosophila larvae are reared under a strict photoperiodic 
(long day) regimen at low population density, they behave in a way similar to Sarcophaga. In the latter, larvae 
feed voraciously during the first two stadia and approximately halfway through the third stadium, and when 
raised in a LD 16:8 h cycle at 25 ± 1°C they leave their food source only during the scotophase and seek a place 
for pupariation (Roberts & Warren, 1976; Roberts, 1984). When reared under similar conditions, Drosophila 
larvae feed for a relatively longer time during the final larval stadium but react similarly to photoperiod in that 
they wander from the food during the scotophase. 
 
Our use of twenty-five or less larvae per container is in accord with past data on the effects of population 
density on the development of Drosophila (Sang, 1949). Both sets of observations indicate that Drosophila 
larvae require an excess of food since they demonstrate behavioural territorialism of their food source. This is in 
contrast to the situation in Sarcophaga species where larvae appear to cooperate in devouring their food source 
(Robert, unpublished observation). 
 
Drosophila reared under the strict conditions described here appear to display gated behaviour resulting, as in 
the case of Sarcophaga (Roberts, 1984; see Pittendrigh, 1966), in well-timed post-feeding larvae. However, if 
reared under crowded conditions (i,e. over twenty-five eggs per vial) this behaviour is not recognizable, This 
suggests that overcrowding affects the neuroendocrine system, because Roberts (1984) showed that the 
development of post-feeding larvae is controlled by the brain and associated endocrine glands, a situation 
similar to that in Manduca (Truman, 1972; Truman & Riddiford, 1974). Further evidence for this supposition 
is the extended period of larval life associated with ungated animals (i.e. longer PFL50). Although the 
possible endocrine implications of these data (e.g. gated release of PTTH followed by an ecdysteroid 
surge) remains conjectural in fhe case of Drosophila, these studies suggest that when grown under a 
specific photoperiodic regimen in uncrowded conditions, larval wandering is a gated event in Drosophila. 
The data do not distinguish between endogenous control (circadian gating), exogenous driving or a mixture of 
both (D. S. Saunders, personal communication), because no free run studies were conducted under constant 
darkness. However, the purpose of this study was not to prove the existence of circadian gating but 
rather to provide a regimen for obtaining well-timed post-feeding larvae. Our findings offer an improved 
method for the staging of immature Drosophila, suggest a variety of endocrinological experiments as in the 
case of Manduca (Oilbert et al., 1981), and may provide a method for assaying putative mutations 
affecting gating behaviour. 
 
Acknowledgments: 
We thank Rhonda Owens for technical assistance and Shelia King for manuscript preparation. This work was 
supported by grants DK-30118 and AM-35347 from the National Institutes of Health. Thanks are also due Dr 
D. S. Saunders (University of Edinburgh) for constructive criticism of the manuscript. 
 
References: 
Belcher, K. & Breft, W.J. (1973) Relationship between a mefabolic rhythm and emergence rhythm in 
Drosophila melanogaster. Journal of Insect Physiology, 19, 277-286. 
Bollenbacher, WE., Agui, N., Granger, N.A. & Gilbert, L.I. (1979) In vitro activation of insect prothoracic 
glands by the prothoracicotropic hormone. Proceedings of the National Academy of Sciences of the 
United States of America, 76, 5148-5152. 
Brett, W.J. (1955) Persistent diurnal rhythmicity in Drosophila emergence. Annals of the Entomological Society 
of America, 48, 119-131. 
David, J., Blemont, C. & Fouillet, P. (1974) Sur la forme des courbes de ponte de Drosophila melanogaster et 
leur adjustment a des modeles mathematiques. Archives de Zoologie Experimentale et Generale, 115, 
263-277. 
Denlinger, D.I. (1971) Embryonic determination of pupal diapause in the flesh fly Sarcophaga crassipalpis. 
Journal of Insect Physiology, 17, 1815-1822. 
Gilbert, L.I., Bollenbacher, WE., Agui, N., Granger, N.A., Sedlak, B..J., Gibbs, D. & Buys, C.M. (1981) The 
prothoracicotropes: source of the prothoracicotropic hormone. American Zoologist, 21, 641-653. 
Hardeland, R. & Strange, G. (1971) Comparative studies on the circadian rhythms of locomotor activity of 40 
Drosophila species. Journal of Interdisciplinary Cycle Research, 4, 353-359. 
Harker, J.E. (1965) The effect of photoperiod on fhe development rate of Drosophila pupae. Journal of 
Experimental Biology, 43, 411-423. 
Jackson, FR., Bargiello, T.A., Yun, S.-H. & Young, M.W. (1986) Product of per locus of Drosophila shares 
homology with proteoglycans. Nature, 320, 185-188. 
Kerkut, G.A. & Gilbert, L.I. (eds.),(1985) Comprehensive Insect Physiology, Biochemistry and Pharmacology, 
Vols. 7 and 8. Pergamon, Press, Oxford. 
Oliver. C.P. (1976) Historical introduction. The Genetics and Biology of Drosophila (ed. by M. Ashburner and 
E. Novitiski). pp. 3-32. Academic Press. London. 
Pittendrigh. C.S. (1954) On temperature independence in the clock controlling emergence time in Drosophila. 
Proceedings of the National Academy of Sciences of ihe United States of America. a. 1018-1029. 
Pittendrigh. C.S. (1966) The circadian oscillation in Drosophila pseudoobscura pupae: a model for the 
photoperiodic clock. Zeitschrift für Pflanzen-phpiologie. 54. 275-307. 
Proheck. H.D. & Rensing. L. (1974) Cellular patterns of differing rhythms and levels of RNA synthesis in 
Drosophila salivary glands. Cell Differentiation. 2. 337-345. 
Redfern. C.P.F. (1983) Ecdysteroid synthesis by the ring gland of Drosophila mclanogaster during late-larval. 
pre-pupal and pupal development. Journal of Insect Physiology. 29. 65-7L 
Rensing. L. (1964) Daily rhythmicity of corpus allatum and neurosecretory cells in Drosophila melanogaster 
(Mcig.). Science. 144. 1586-1587. 
Rensing, L. & Hardeland. R. (1967) Zur Wirkkung der circadianen Rhythmik auf die Entwicklung von 
Drosophila. Journal of Insect Physiology. 13. 1547-1568. 
Rensing. L.. Thach. B.T. & Bruce. V.G. (1965) Daily rhythms in the endocrine glands of Drosophila larvae. 
Erperientia. 21, 103-104. 
Richard. D.S.. Saunders. D.S.. Egan. V.M. & Thompson. R.C.K. (1986) The timing of larval wandering and 
puparium formation in the flesh-fly Sarcophaga argyrostoma. Physiological Entomology. 11. 53-60. 
Roberts, B. (1984) Photoperiodic regulation of prothoracicotropic hormone release in late larval. prepupal and 
pupal stages of Sarcophaga 
Ciba Foundation Symposium. 104, 164-187. 
Roberts. B.. Gilbert. L.1. & Bollenbacher. W.E. (1984) In vitro activity of dipteran ring glands and activation by 
the prothoracicotropic hormone. General and Comparative Endocrinology. 54. 469-477. 
Roberts. B. & Warren. M.A. (1976) Diapause in the Australian flesh fly Tricholioproctia impatiens. Australian 
Journal of Zoology. 23, 563-567. 
Sang. J.H. (1949) Population growth in Drosophila cultures. Biological Reviews. 25. 188-219. 
Saunders. D.S. (1982) Insect Clocks. 2nd cdn. Pergamon Press. Oxford. 
Tauber. H. & Hardeland. R. (1977) Circadian rhythmicity of tyrosine aminotransferase activity in Drosophila 
melanogaster. Insect Biochemistry. 7, 503-505. 
Truman. J.W. (1972) Physiology of insect rhythms. 1. Circadian organization of the endocrine events 
underlying the moulting cycle of larval tobacco hornworms. Journal of Experimental Biology. 57. 805-
820. 
Truman. J.W. & Riddiford. L.M. (1974) Physiology of insect rhythms. Ill. The temporal organization of the 
endocrine events underlying pupation of the tobacco hornworm. Journal of Experimental Biology. 60. 
371-382. 
 
